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Structure of talk

e Climate change 101: A brief primer
e Climate model evaluation
® Emerging science (a biased personal view)

® Conclusions
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Key findings of the Intergovernmental Panel on Climate
Change: Humans are affecting Earth’s climate

CLIMATE CHANGE 1995

The Science of Climate C"

&5 contribution of Working Group | ’
1o the Second Assessment Report of the!
intergovernmental Panel on Clirnate

“The balance of evidence suggests a
discernible human influence on global
climate”
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CLIMATE CHANGE 2001

The Screntific Base
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“There is new and stronger evidence that
most of the warming observed over the last
50 years is attributable to human activities”




Climate Change 101: Natural mechanisms influence
climate

Natural mechanisms

® Changes in the Sun

e Changes in the amount of volcanic
dust in the atmosphere

® Internal variability of the coupled
atmosphere-ocean system
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Climate Change 101: Human factors also influence
climate

Carbon Dioxide Concentrations

Ice Core Data Mauna Loa
(Hawail}

Non-natural mechanisms

parts per million

e Changes in atmospheric concentrations
of greenhouse gases

e Changes in aerosol particles from

burning fossil fuels and biomass \ e

e Changes in the reflectivity (albedo) of
the Earth’s surface




Climate Change 101: There are large uncertainties in

projections of future global-mean temperature changes

Temperature Change (°C)
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The great “greenhouse gamble”...

>5°C (3.8%; 1 in 26 odds)
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Why is climate model evaluation important?

e Climate models are the only tool we have for making predictions
about the climate change “signal” that may result from human-
caused increases in atmospheric CO,

® These tools have systematic errors

® These errors limit our ability to make reliable forecasts of the
climate changes we may experience over the next century
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How do we evaluate climate models?

Types of test
® Today’s annual mean climate
® The diurnal cycle
® The seasonal cycle
e Interannual variability (El Nino, North Atlantic Oscillation, etc.)
® The climate of the past 50-150 years

e Climates of the distant past (e.g., the last Ice Age)
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Another test: Can models simulate the temperature
changes after major volcanic eruptions?

Observed and Simulated Tropospheric Temperatures

After removal of ENSO effects
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Model individual realizations
—— Model ensemble mean (PCM)

—— Observations (Christy/Spencer MSU)
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We now have a variety of estimates of temperature
changes over the last 1-2 millenia
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We have made progress in resolving an important
problem: The apparent lack of tropospheric warming

“And we know that the theory that increasing concentrations of
greenhouse gases like carbon dioxide will lead to further warming is
at least an oversimplification. It is inconsistent with the fact that
satellite measurements over 35 years show no significant warming
in the lower atmosphere, which is an essential part of the global-
warming theory”.

James Schlesinger (former Secretary of Energy, Secretary of
Defense, and Director of the CIA), “Cold Facts on Global Warming”,
L.A. Times, January 22, 2004
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We now have multiple estimates of temperature
change in the troposphere

Tropospheric temperature changes in two satellite datasets (MSU channel 2)
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Tropospheric temperature trends over 1979-2003 in
two different satellite datasets

Mears et al.

Bottom line: Observational uncertainty
is important in model evaluation work!

Christy et al.

Linear trend (°C/decade)




Other estimates of atmospheric temperature change
are now becoming available
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We are making progress in defining the characteristic
“fingerprints” of different climate forcings

Solar
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We are identifying new “fingerprints” of human effects
on climate: Tropopause height

Thermosphere

Mesosphere
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In a climate model, human-caused changes in
tropopause height are large relative to natural effects
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Patterns of tropopause height change are similar
in “observations” (A) and a climate model (B)

ERA-40 trend
(1979-2001)

Blue and purple colors indicate
an increase in height (decrease
in pressure)

PCM “All forcings”
experiment

EOF loading
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Warming of the world’s oceans: Another “fingerprint”
of human effects on climate
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The observed ocean warming is consistent with results
from model simulations

S/N ratio for change in mean ocean temperature (0-300m)
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“Fingerprints” of human effects on climate have
been identified in many different variables

® Near-surface temperature

® Sea-level pressure —
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® Ocean heat content
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Emerging science: A selection of recently-published
papers in Science and Nature

Detection of human influence
on sea-level pressure

Mathan P. Gillett*, Francis W. Zwierst, Andrew J. Weaver*
& Pater A Stott

Contributions of Anthropogenic
and Natural Forcing to Recent
Tropopause Height Changes

B. D. Santer,” M. F. Wehner,? T. M. L. Wigley,” R. Sausen,*
G. A. Meehl,” K. E. Taylor,' C. Ammann,” J. Arblaster,’
W. M. Washington,” |. 5. Boyle," W. Briiggemann®

Global Warming and Northern

Hemisphere Sea Ice Extent

Keonstantin Y. Vinnikov,"® Alan Robock,” Renald ). Stouffer,?
John E. Walsh,* Claire L. Parkinson,® Donald ). Cavalieri,
John F. B. Mitchell * Donald Garrett,” Victor F. Zakharov®

Anthropogenic Warming of
Earth’s Climate System

Sydney Levitus,' John | Antonov,” Julian Wang.?
Thomas L Delworth,” Keith W. Dixon,” Anthony ). Broccoli®

* School of Earth and Ocean Sciences, University of Victerin, PO Box 3055,
Victoria, British Colimbia, VAW P8, Canada

+ Canadian Centre for Climare Modelling and Analysiz, M logical Service of
Canada, PO Box 1700, 3, Vieroria, Brivish Calumbia, VEW 2 i

‘We compared the temparal variability of the heat content of the warld acean,
of the global P and of P of Earth's P during the
latter half of the 20th century. Each component has increased its heat content

Surface and satellite-based observations show a decrease in Northern Hemi-
sphere sea ice axtent during the past 46 years, A compariwn of these trends
ta contral and transient integrations (forced by ob: d greent gases and

Oibservations indicate that the height of the tropopause—the boundary batwesn

P ic sulfate I5) from the Geophysical Fluid Dynamics Laberatory
and Hadl.cy Centre climate mndcl.i reveals that the observed decrease in Nerth-
e Hemisphere sea ice extent agrees with the transient simulations, and both

mn- Mmmphere- and l||= o(ean] or exhibited melting (the cryosphere), The

heat content (over the depth range
from O to 3000 meters] between the 15503 and 19903 is at least one order of
magnitude larger than the increase in heat content of any other component

the stratosphere and troposphere—has increased by several hundred meters since
1979, Comparable increases are evident in climate model experiments. The Latter
show that human-induced changes in ozone and well-mixed greenhouse gases

+ Hadley Centre for Climare Prediction and Rescarch, Met Office, Bracknell,
Rerkshire RG12 25V, UK

account for —B0% oflhcmﬁklt’dnxln\mp@wuw l\tlﬂ'ﬂum I9?9 1999, Their = =
primary ¢ e th Jand Greenhouse gases and tropospheric
warming of the troposphere (uuud by\m\ll-mmed grmﬂm;e \} A model. human influences on climate—have been shown to ha
predicted fingerprint of tropopause height changes is statistically detectable in two detectable effect on surface air temperature'™, thet rature of
different abservational ["reanalysis”) data sets. This positive dmm"'“"“ allows the free troposphere and stratosphere™ and occan tempera-
114 po actiiniee oyeniLiropop fght changes t e ture*®, Nevertheless, the question remains as to whether
and natural external forcings, with the anth ic o daminati e ¥ : g

il human influence is detectable in any variable other than
perature. Here we detect o i

External Control of 20th house gases and sulphate acrosols in observati
sea-level pressure (December to February), us
ceﬂtury Temperature by simulations from four climate models.
Natural and Anthropogenic
Forcings

Peter A Stott,'” 5 F. B. Tett,) G. 5. Jones," M. R. Allen,?
J F.B. Mitchell," G. | Jenkins'

Simulation results using an atmosphere-ccean general circulation model that
includes estimates of the radiative effects of observed temporal varistions in
greenhouse gases, sulfate aerosols, solar imadiance, and velcanic aerosols over
the past century agree with our observation-baied estimate of the increase in
ocean heat content, The results we present suggest that the observed increase
in acean heat content may Largely be due to the increase of anthropogenic gases
in Earth's atmosphere.

trends are much larger than would be expected from natural climate variations,
From long-term control runs of climate models, it was found that the pmha-
bility of the observed trends resulting f Lelimat i

that the models’ natural variability is similar to that found in nature, is less than
2 percent for the 1978-98 sea jce trends and less than 0,1 percent for the
1953~94 sea ice trends. Both models used here project continued decreases in
sea ice thickness and extent throughout the next century.

Iphate acrosols—the main
had a

Detection of a Human Influence
on North American Climate

David J. Karoly,' Karl Braganza,? Peter A. Stott,”
Julie M. Arblaster,* Gerald A. Meahl *
Anthony J. Broceoli,*t Keith W, Dixon®

Detection of Anthropogenic
Climate Change in the World's
Oceans

Tim P. Barnett,* David W. Pierce, Reiner Schnur

is .ll\o du_.llﬁ that I]\L (llll]-lll rllmhlu.
timate the m ude of the sea-level press-
s suggests that the upward trend in
nindex’ (corresponding to H!ﬂ.llglh-
- the North Atlantic region), as simulate i
n mhcr of ;,lnh.ll warming scenarios” ', may be too small,
acts of anthropogenic

influence. Our an
substantially under

ure response, This d

several indices of large-scale patterns of surface temperature variation were

used to |nveslt|g:ate climate ci!anlgz in Nnrtlh America aver the 20th cenlur?r. The s*"ﬂiﬂ ("cdmon Wl thow\ “u‘ hoth m“"al g mhmwsﬂ": Tactoit

observed variability of these indices was simulated well by a number of climate hi i " to 20th century ges. The model

madels, Comparison of index trends in observations and model simulations successfully simulates global d Largs

shows that North American temperature changes from 1950 to 1999 were Indicating that the dimate response on these scales is strongly influenced by

unlikely to be due to natural climate variation alone. Ohserved trends over extemal factors, Hore than 80% of cbsanved multidecadal-scale giobal mean
: - : e A © _ temperature variations and mare than 60% of 10- to 50-year land temperature

this period are consistent with simulations that include anthropogenic ATt S i to changes inwaternal fordings. Mwnmmc wuwum

forcing from increasing atmospheric greenhouse gases and sulfate aerosols, Ingunder 4. scenario is pred at

However, most of the observed warming from 1900 to 1949 was likely due 1o that cbserved in recent decades

to natural climate variation,

Large-scale increases in the heat content of the world's oceans have been
observed to occur over the last 45 years, The horizontal and temporal character
of these changes has been cosely replicated by the state-of-the-art Parallel
Climate Model [PCM) forced by ob d and esti d anthropogenic gases.
Apphcahanofoptumal detechon hodology shows that the model-produced
signals are indi h i the ob at the 0.05 confids Level
Further, the chances of either the anthropogenic or observed signals being
produced by the PCM as a result of natural, internal forcing alone are less than
5%, This suggests that the observed ecean heat-content changes are consistent
with those expected from anthrepogenic forcing, which broadens the basis for
claims that an anthropogenic signal has been detected in the global climate
system. Additionally, the requirement that modeled ocean heat uptakes match
observations puts a strong. new constraint on anthropogenically forced climate
models. It is unknown if the current generation of climate models, other than
the PCM, meet this constraint.

climate Llnnw on l-umpn..m climate.

Sea Level Rise During Past 40
Years Determined from
Satellite and in Situ
Observations

Cecile Cabanes, Anny Cazenave, Christian Le Provest

Warming of the World Ocean

Sydney Levitus,* John . Antonov, Timothy P. Boyer, Cathy Stephens

Climate Effects of Black Carbon
Aerosols in China and India

Surabi Menon,'** James Hansen,? Larissa Nazarenko,'<
Yunfeng Luo®

We quantify the interannual-ta-decadal variability of the heat content {mean
temperature) of the world ocean from the surface through 3000.meter depth
for the peried 1948 to 1998, The heat content of the world ocean increased by

2 % 1077 joules between the mid-1950s and mid-1990s, representing a
valume mean warming of 0.06°C. This carrespands to a warming rate of 0.3

Anthropogenic Influence on the
Autocorrelation Structure of

The 3.2 = 0.2 milimeter per year global mean sea level rise observed by the
Tapex/Paseidon satellite over 1333-94 is fully explained by thermal exparsion
of the oceans. For the period 1955-96, sea level rise derived from tide gauge

In recent decades, there has been a tendency toward increased summer floods data agrees well with thermal expansion computed at the same locations,

Hemispheric-”ean in south China, increased drought in north China, and moderate cooling in China watt per meter squared [per unit area of Earth's surface), Substantial changes However, we find that subsampling the thermosteric sea level at usual tide
and India while most of the world has been warming, We used a global climate " heat content occurred in the 300- to 1000-meter "“-T"f" of each ocean and gauge positions leads to a thermosteric sea level rise twice as large as the “true”
Temperatu res model ta investigate possible aeresol contributions to these trends, We found in depths greater than 1000 meters of the North Atlantic. The global volume global mean, As a possible consequence, the 20th century sea level rise esti-
pretipitation and ternperature chariges In the modal that ware comparable o mean temperature Increase for the 0- to 300-meter layer was 0.31°C, carre- mated from tide gauge records may have been overestimated.
T. M. L Wigley, R. L. Smith, B. D, Santer those observed if the aerosols included a large proportion of absorbing black ’r“"_‘;ﬂ‘;’s 0 ocmass o ";“Tf;"::z for ""'; :;'*Y%f'_ °‘O'c' ‘“"’r{:"lﬂ ‘:‘W""
" ! o carbon (*soot”), similar to observed amounts, Absorbing aerosols heat the air, the mid- vt thantic and Pacific Oceans hove Undengone i
Tk sheriers Yk g corraLaticio for e { ) Sl s ; a net warming since the 1950s and the Indian Ocean has warmed since the Rapid Wastage of Alaska

alter regional atmospheric stability and vertical motions, and affect the large-

hemispheric-mean temperature data differ markedly from those for unforced € ' : Verticaln 4 )
scale circulation and hydrologic cycle with significant regional dimate effects.

(control-run) climate model simulati The diffy can be explained

d ly by assuming that d data contain a significant externally
Sorced component irvolving both natural (sobir) and anthropogenic influsnces
and that the global climate sensitivity isin the commonly accepted range. Solar
forcing alone cannot recondle the differences in autocorrelation structure
between observations and model control-run data,

Glaciers and Their Contribution
to Rising Sea Level

Anthony A Aresd,® Keith A Echelmseyer, William D, Harsisen,
Cralg 5. Lingle, Virginia & Valentine

mid-1260s, although the warming is not menotenic.

Causes of Climate Change Over
the Past 1000 Years

Thosmus | Eomwtey

Rapid Bottom Melting
Widespread near Antarctic Ice
Sheet Grounding Lines

Erbc Rignot™® and Stanley S. Jacobs®™

Rapid Thinning of Parts of the
Southern Greenland Ice Sheet

W. Krablll," £ Frederkk,’ §. Manizade,” €. Martin? J. Sonntag.*
R, Swift.? R Thomas,” W. Wright." | Yungel’

e b ek s bt sy . st e e o €7
pricieis) " o

Aireralt. Laner-altimter usrorys et southem Gressland in 1993 and 1998
show three arear of thickening by more than 10 centimeter per year in the
southeem part of the region sd Lirge wreas of thinisg, particularty in the sast

As contirmntsl cr freem Antarctics reaches the grosnding line and begis 1o
Moat, s undesiide maelts into the coean. Results obtained with satellite radar
Istertorcanetry reveal that bottom melt rates experienced by Large outhet
lacers near their prosnding e sre fae higher than gensrally asusmed. The
metting rate is positively comelated with thermal forcing. incresiiag by 1 meter
per year for each 0.17C rise in ocean temperature. Where deep water has direct
access 1o grounding lines, glackers and loe shebves are vulnerable to ongoing
Imcreases In ocean temperature

acirs. Thay fom the lrgre ghaciioghad
respe o

outhet glach. Thete
hevations ep ta 1500 my that they ane cawned by increased
of cree thinning than by excesshe metting, Taken s a whobe, the
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Climate model resolution is improving, leading to
improved performance

T42 (300 km) T85 (150 km) T170 (75 km)
I mmiday
7 8

Duffy et al.

T239 (50 km) 0.4° x 0.5° (40 x 50 km) Observations (VEMAP)



We are now trying to detect human-induced climate
change at regional scales

Near-surface
temperature
changes
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Why should we focus on regional climate?

® Because humans and natural ecosystems experience regional, not
global, climate;

® Because improvements in climate models make meaningful
regional projections possible

® Regional climate changes will determine societal impacts and
drive climate-related policy decisions

Water availability Agriculture

Extreme events Human health
Recreation

Air quality




Conclusions

® We have identified human-caused climate change in a number of
different aspects of the climate system

® The climate system is telling us a robust, internally—consistent story

e Ultimately, the electorate will decide how to respond to human-
induced climate change

®» To make wise decisions, we need an informed, scientifically-savvy electorate

=®» This will require substantial investments in educational outreach

® We need to improve our ability to predict the regional-scale climate
changes that are “in the pipeline”, and their societal impacts

=» |t is these regional-scale changes that we will “feel” most strongly
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Future work: Use common historical forcing
scenarios

® [IPCC requests that modeling groups perform common scenario
calculations for future emissions of trace gases and aerosols

» e.g., Stabilization and “commitment” calculations

® No requirement for calculations with common estimates of
historical forcings

=» Well-mixed GHGs, ozone, volcanic aerosols, solar irradiance changes
=» Anthropogenic aerosols?

® This hampers intercomparison and interpretation of differences in
model responses to historical forcings

=» Without common historical forcing scenarios, model comparisons in IPCC
2007 will be convolving differences in both applied forcings and simulated

responses!

® We can and should do better than the CMIP2 comparisons shown in
IPCC 2001
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Future work: Search for “fingerprints” of anthropogenic
aerosols in observations

® Most statistical “fingerprint” detection studies have considered only
direct scattering effects of anthropogenic sulfate aerosols

®» Few studies have incorporated sulfate aerosol indirect effects, or
direct/indirect effects from soot and biomass aerosols, mineral dust, efc.

® This leaves current detection work open to justifiable criticism — a
potential problem for IPCC 2007

® High priority to repeat detection and attribution studies with best
estimates of climate fingerprints arising from soot, biomass, and
mineral dust aerosols

®» We should be able to identify these fingerprints if they are as large as
hypothesized

=®» Some of these forcings should have signals with great regional and seasonal
specificity!

\ PCMDIl 32




	Climate Change Detection and Attribution: A Personal View of the Emerging Science
	Structure of talk
	Key findings of the Intergovernmental Panel on Climate Change: Humans are affecting Earth’s climate
	Climate Change 101: Natural mechanisms influence climate
	Climate Change 101: Human factors also influence climate
	Climate Change 101: There are large uncertainties in projections of future global-mean temperature changes
	The great “greenhouse gamble”…
	Structure of talk
	Why is climate model evaluation important?
	How do we evaluate climate models?
	Atmospheric models have improved over time
	Another test: Can models simulate the temperature changes after major volcanic eruptions?
	Structure of talk
	We now have a variety of estimates of temperature changes over the last 1-2 millenia
	We have made progress in resolving an important problem: The apparent lack of tropospheric warming
	We now have multiple estimates of temperature change in the troposphere
	Tropospheric temperature trends over 1979­2003 in two different satellite datasets
	We are making progress in defining the characteristic “fingerprints” of different climate forcings
	We are identifying new “fingerprints” of human effects on climate: Tropopause height
	In a climate model, human-caused changes in tropopause height are large relative to natural effects
	Patterns of tropopause height change are similar in “observations” (A) and a climate model (B)
	Warming of the world’s oceans: Another “fingerprint” of human effects on climate
	The observed ocean warming is consistent with results from model simulations
	“Fingerprints” of human effects on climate have been identified in many different variables
	Emerging science: A selection of recently-published papers in Science and Nature
	Climate model resolution is improving, leading to improved performance
	We are now trying to detect human-induced climate change at regional scales
	Why should we focus on regional climate?
	Conclusions
	Future work: Use common historical forcing scenarios
	Future work: Search for “fingerprints” of anthropogenic aerosols in observations

